INTRODUCTION

Accurate
conjugate heat transfer predictions for complex situations require both proper modeling of the solid and flow networks and realistically modeling the interaction between these networks. Proper modeling of the solid network can be easily performed using either classical analytical techniques or with established numerical model tools, such as SINDA/G. Proper modeling of the flow network, however, requires a numerical tool that account for multiple different flow paths, a variety of flow geometries, an ability to predict flow reversal, the ability to account for compressibility effects and ability to predict phase change.
The Generalized
Fluid System Simulation Program" (GFSSP) was developed for the Marshall Space Flight
Center's Propulsion Laboratory for the purpose of calculating pressure and flow distribution in a complex flow network associated with secondary flow in a liquid rocket engine turbopump. The code was developed to be a general purpose, one-dimensional flow network solver so that generic networks could be modeled. Capabilities of the GFSSP are summarized below:
• Modeling flow distributions in a complex network;
• Modeling of compressible and incompressible flows;
• Modeling real fluids via embedded thermodynamic and thermophysical properties routines and tables;
• Mixing calculation of real fluids;
• Phase change calculation of real fluids;
• Axial thrust calculations for turbopumps; The GFSSP has additional options including the ability to model gravitational effects, rotation, fluid mixture, a turbopump assembly, the ability to add mass, momentum and heat sources at any appropriate point in the model, and the ability to model multidimensional flow (two and three dimensional flow field calculation).
The GFSSP uses a f'mite volume approach with a staggered grid. This approach is commonly used in computational fluid dynamics schemes (Patankar _, Patankar and KarkP).
OVERVIEW OF SOLID/FLUID INTERFACE
In order to run the two codes concurrently, GFSSP was converted into a subroutine called from an interface subroutine. From the point of view of the two codes involved, therefore, only heat sources/sinks are added at discrete nodes and these heat sources/sinks are updated with every SINDA iteration.
The interface is generalized so that the solid and fluid models can have different levels of discretization, resulting in three different scenarios: multiple solid nodes for a given fluid branch, one solid node for a given fluid branch, and one solid node for multiple fluid branches. These three scenarios are illustrated in The entire GFSSP common block has been placed into the interface subroutine to allow the user to update the fluid network at every iteration/time-step via this subroutine.
The number of solid nodes that connect to the fluid network, the names, temperatures, areas exposed to the fluid network and corresponding heat sources are passed back and forth from SINDA/G and the interface subroutine.
BENCHMARKING
In order to debug and validate the interface, a simple textbook example was chosen as a benchmark case. The benchmark case is a circular rod between two walls with convective heat transfer. The walls are held at 32°F and 212°F, respectively. The rod has a thermal conductivity of 9.4 BTU/ft-hr°R (2.61 lxl0 -3 BTU/ft-sec°R).
The convective heat transfer coefficient between the rod and the fluid is 1.14 BTU/flahr°R T(x) = Tnuid + 4.653e 1714x -42.650e -lTl4x
(l)
where, x = distance from the cold wall in feet and
The results of the benchmark combined models are shown with the analytical solution in Figure 5 below. As Figure 5 illustrates, the SINDA/G -GFSSP interfaced prediction lies on the curve of the analytical solution, thus providing a first level validation of the interface. 
ADDITIONAL TEST CASES
In order to exercise the interface between SINDA/G and GFSSP, three additional test cases were identified which exploit different aspects of the interface.
The goal of the first of the additional test cases (the second test case) was to predict phase change in the fluid model due to heat transfer to the solid. In this case, steam at 215°F and 14.705 psia enters a flow path and flows over a solid bar and exits at 14.700 psia. The back face of the bar is held at 32°F. For simplicity, the convective heat transfer coefficient is set in the interface at a constant value (3.167x10 3 BTU/ft2sec°R, an order of magnitude higher than the benchmark case). It should be noted that. Figure 6 illustrates the physical situation and the SINDA/G -GFSSP combined models. The results of the modeling effort for case 2 is shown in Figures 7 and 8 . Figure 7 illustrates the temperature profile for both the solid and the fluid. Note that the temperature of the fluid remaining constant during the phase change. Figure 8 illustrates the quality of the fluid as a function of location downstream of the inlet. The fluid temperature is superimposed on this figure to show the constant temperature during the phase change. Figure 12 illustrates the physical situation and combined models.
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where, T = Temperature in°F t = time in hours 
IMPLEMENTATION
STATUS
To date, the interface subroutine has been developed to allow for modeling of steady state flow networks with steady or unsteady solid modeling. Development is currently underway for fully unsteady modeling in which the time step for the fluid model may be different than that of the solid model.
CONCLUSIONS
A general purpose fluid network code has successfully been interface with a general purpose thermal analysis code for steady state flow models and both steady and unsteady thermal models. A benchmark case was identified, combined models were constructed and executed. 
